We consider a spatially homogeneous system of reaction-diffusion equation defined on the interval (---co, o[)) of the one-dimensional spatial variable x. It is known that this equation has a one-parameter family of periodic travelling wave solutions w(x + ct; c) if this equation has a spatially homogeneous periodic solution 4(t). The spatial period L(c) of the travelling wave solution satisfies L(cf/c+ T if c -+ t co, where c is the propagation speed and T is the period of O(t). We prove that, in the case c > 0 is sufficiently large, v(x t ct; c) is unstable if +(t) is "strongly unstable" and w(x t ct; c) is "marginally stable" if O(t) is "strongly stable." If the equation is defined on a finite interval [0, l] of the variable x with the periodic boundary conditions, we can obtain a more precise result regarding the stability of w(x t et; t), where c^ > 0 is a speed which satisfies I = mL(E) for some positive integer m. We prove that this solution is asymptotically stable in the sense of waveform stability if c^ > 0 is sufficiently large and if +(t) is "strongly stable."
1. INTR~OUCTI~N We consider a chemical reaction system (e.g., the Belousov-Zhabotinskii system [5] where x is the one-dimensional spatial variable, and D is an n x n positive diagonal matrix whose ith diagonal element di (> 0) representing the diffusivity of the ith chemical component.
We consider the case where the kinetic equation (1.1) has a periodic solution u =+(t) with the minimum period T, i.e., $tO) = W(f)), $0 + r> = $W.
(1. 3) We assume that 6(f) is strongly stable, i.e., that the Floquet multipliers L', )..., V, of the linearized perturbation equation of (1.1) with respect to the periodic solution 4(t) satisfy L', = 1, Iv21 < l,..., IV"1 < 1.
(1.4) (cf. Chap. 14 of Coddington and Levinson [ 1 I.) It was proved by Kopell and Howard [5] that, if O(t) is strongly stable, Eq. (1.2) has a one-parameter family of periodic travelling wave solutions, i.e., solutions of the form u = w(T; c), r = x + ct.
Here c > 0 is a parameter representing the propagation speed of the travelling wave, and w(<; c) is a (vector values) periodic function of r. The existence of q.r(r; c), <=x + ct, was proved in the case c (> 0) is sufficiently large, and it was shown that v(<; c) and its period t(c) satisfy, if c++m, Uc)/c --t T, ~(ct; c) -, I$([) uniformly in 0 < t < T.
(1. 5) We note that Eq. (1.2) has a periodic solution u = 4(t), which corresponds to a spatially homogeneous (temporal) oscillation of the reaction-diffusion system. Condition (1.5) means that the periodic travelling wave solution w(x + ct; c) approaches this periodic solution if c -+ +co.
The periodic solution +(t) of Eq. (1.2) is not always stable even if it is strongly stable as a periodic solution of Eq. (1.1). (A sufficient condition for the instability of +(l) was obtained by Maginu 181.) Since w(x + cf; c) is close to $(t) if c 'v +co, it is conjectured that the travelling wave solution v(.u + ct; c) is stable [unstable] as c 5 +co if the spatially homogeneous periodic solution O(t) is stable [unstable] (cf. Fife [2] and Howard and Kopell [3] ). In this paper we give a partially affirmative answer to this conjecture.
In Section 2 we make preliminary considerations regarding the stability of the solutions w(x + ct; c) and 4(t).
In Section 3 we consider the case where $(t) is strongly unstable as a solution of Eq. (1.2). (The "strong stability" and the "strong instability" of 4(t) is defined in Section 2.3.) It is shown that, in this case, qr(x + ct; c) is unstable if c > 0 is sufficiently large.
In Section 4 we consider the case where +(t) is strongly stable as a solution of Eq. (1.2). It is shown that, in this case, w(x + cl; c) is "marginally stable in linearized criterion" (cf. Fife [2] ) if c > 0 is sufficiently large.
We can obtain a more precise result regarding the stability of the travelling wave solutions if the spatial variable x of Eq. (1.2) is limited in a finite interval and the periodic boundary condition is assumed. Namely, we consider, in Section 4, the next system instead of Eq. (1.2): u, = Du,, + F(u), O<x<l,
We assume that I > 0 is sufficiently large. Since the period L(c) of w(<; c) is a continuous function satisfying condition (1.5), there exists a speed c = I! > 0 such that
for a positive integer m if I is large. It is clear that u = W(X + ?ft; c^) is a periodic travelling wave solution of Eq. (1.6) if condition (1.7) is satisfied. We prove, in Section 4, that w(x + c^t; c^) is asymptotically stable in the sense of waveform stability if +(t) is strongly stable and if c^ is sufficiently large. The proof of the asymptotic stability is based on Sattinger's result given in [9] .
Section 5 is devoted to the proof of several lemmas used in Section 3 and Section 4. If we consider a solution of the form u(& t) = qr(<; c) + v(<, t), which is a perturbation of the travelling wave, the following equation is obtained for v(L 0:
where L, is a linear operator defined by
and R is a nonlinear operator whose derivative vanishes at v = 0. We say that a complex number A belongs to C(L,) (the spectrum of L,) if and only if the equation
has a non-trivial solution v(t) which satisfies -;<"f<m IlWl < +co.
We have the next lemma. as r++co, for some suitably chosen phase shift 0. We say that the travelling wave solution is asymptotically stable in the sense of waveform stability if this condition is satisfied. Sattinger [9] proved the next lemma, which gives a sufficient condition for the stability of w(<; c) in this sense. Hence we may assume, without losing generality,
It is well known (cf. Maginu [8] ) that the spatially homogeneous periodic solution 4(t) is unstable if the inequality Ivi(%>l > 1 (2.14)
holds for some real number w,, and for some i, 1 ,< i 6 n. We say that +(r) is strongly unstable if this condition is satisfied. Let +(t;~) be a periodic solution of the ordinary differential equation
where p is a real parameter. Since this equation coincides with Eq. (1.1) if p = 0, we may assume $(t; 0) = $(t). It is well known that, if condition (2.11) is satisfied, +(t;p) depends smoothly on parameter p in a neighborhood of p = 0. Let T@) denote the minimal period of Q(t; p). Since According to this lemma, the inequality V,(o) > 1 holds for a small 1 o 1 > 0 if p(O) < 0. Hence the inequality p(O) < 0 is a sufficient condition for the strong instability of the spatially homogeneous periodic solution 4(t).
We say that the periodic solution 4(t) of Eq. (2.1) is strongly stable if
,<n, for all 0.
INSTABILITY OF PERIODIC TRAVELLING WAVE SOLUTION

Main Result Regarding the Instability
The next theorem is a main result of this section. We need to study, in order to prove this theorem, properties of the spectrum L(L,). We introduce new variable z = pr, p = l/c, in which the operator L, is written as On the other hand, by virtue of (3.10a), vi satisfy I %(O, 00 9 P)I > 1 for some k (1 < k < n),
if /I > 0 is small. These mean that the equality 1 v,&, oo, p)I = 1 must hold for some p > 0 in the interval (0, po). According to Lemma 2.1 and (3.7). this equality implies the instability of the travelling wave solution w(x + ct; c) (c = l//I). Thus completes the proof of Theorem 3.1. Q.E.D.
STABILITY OF PERIODIC TRAVELLING WAVE SOLUTIONS
Main Result Regarding the Stabi&
In this section we study the stability of the travelling wave solution q.~(r; c^), r = x + Et, of Eq. (1.6), where c^ is the positive constant satisfying condition (1.7). It is assume that the length of the interval [O, I] is sufficiently large and that c^ is also sufficiently large. We aim to prove the next theorem. Let us consider the stability of w(x + ct; c) as a solution of Eq. (1.2) (i.e., the case I= too ) by assuming (I) and (II).
We cannot apply Lemma 2.3 in showing its stability because A= 0 is not an isolated element of the spectrum C(L,) (i.e., hypothesis (i) of Lemma 2.3 is not satisfied in the case I= +a~ ). However, we can prove, by using the arguments of Section 4. We need to study properties of the eigenvalues vi@, w, p), 1 Q i < 2n, of O( TV); p, w, p) in the case of p + +O. We assume that the parameters p and w are fixed. First we prove the latter part of the lemma. ' insomeintervalz,~z~z,,0~z,<z2~T(P).
On the other hand, since vk satisfies Eq. IIv&; PY c-9 PIIIIIVkL(G P, 09 PII < 4PZa. By virtue of (5.12) and (5.13), we obtain LGV -Dv,, -tvvs + B(<; c^) v = 0. The former equality coincides with (5.27b). We need to use the next lemma in order to prove (5.27~). (5.32a) (5.32b)
Next let us consider the (*n-dimensional vector valued) function ~,(z;P,~,P)-(v,(z;P~~,P),v,,(z;PI~,P))' defined in Section 5.1. According to (5.6), it satisfies
